We study the chain of Cadmium isotopes from N = 50 − 82 magic numbers with modern beyond mean-field methods with the Gogny D1S interaction. In a previous publication [1] we showed that experimental excitation energies and reduced transition probabilities of the first 2 + states are qualitatively well described in the whole chain assuming axial symmetry. Moreover, the anomalous behavior of the 2 + energies close to N = 82 is well reproduced without assuming any shell quenching. Here we justify the axial approximation by analyzing the potential energy surfaces in the triaxial plane and summarize the main results obtained in [1] .
During the last decade different theoretical and experimental studies suggested the possible N = 82 shell quenching in the neutron rich Cadmium isotopes. Hence, some r-process simulations gave a better agreement with solar abundance distribution for A=130 peak if a reduction of N = 82 shell closure was assumed [2, 3] . Also, mass formulae based on Skyrme interactions assuming spherical symmetry predicted a reduction of the spherical gap in this region [4, 5] . Finally, experimental high Q-values and anomalous behavior of the E(2 + ) energies for neutron rich Cd isotopes could be hints for N = 82 shell quenching [6, 7] . However, recent measurements of the E(2 + ) for 130 Cd, masses for 132 Sn and 134 Sn and spectroscopic factors of 133 Sn restored N = 82 as a good magic number [8, 9, 10] . Furthermore, the small values of the excitation energies for the Cd isotopes in this region has been recently interpreted as an onset of a slight prolate deformation of the 130 Cd nucleus due to its singular single particle configuration [1] . These results were obtained with state-of-the-art beyond mean-field methods using the Gogny D1S interaction [11] and assuming axial symmetry. In this contribution we summarize the main results given in Ref. [1] and we also show the shape evolution of the Cd isotopes in the triaxial plane supporting the use of axial calculations in this case.
First we sketch briefly the method used for calculating the nuclear states, namely, generating coordinate method with particle number and angular momentum projected product-type wave functions (GCM-PNAMP) [12, 13, 14] . We start by building a set of Hartree-Fock-Bogoliubov (HFB) intrinsic wave functions {|Φ(β , γ) } along the quadrupole deformation parameters (β , γ). These HFB intrinsic states are found by solving the so-called constrained particle number variation after projection equations (PN-VAP) δ E N,Z (|Φ(β , γ) )) = 0 [15] . Gogny D1S was used as the underlying interaction. This set of intrinsic states can be used to explore the energy landscape in the triaxial plane. In Figure 1 we show the PN-VAP energy as a function of deformation (β , γ) for N = 50 − 82 Cd isotopes. We see that increasing the number of neutrons from N = 50 magic number an axial prolate deformed minimum is developed and remains nearly constant at β ≈ 0.18 in a wide range of isotopes (N = 56 − 72). Then, this minimum evolves towards a spherical configuration corresponding to the 130 Cd semi-magic nucleus. Moreover, a slight softening of the potential energy surfaces is observed in the mid-shell isotopes although the main evolution occurs along the axial path. Therefore, we expect that the influence of triaxial effects in this isotopic chain will not be very relevant for the ground state bands. The next step is the computation of the excitation energies and transition probabilities of the first 2 + states for the whole isotopic chain. This is done by mixing the axial states (γ = 0 • , 60 • ) which are also particle number and angular momentum projected, namely:
where H I,N,Z (β , β ) and N I,N,Z (β , β ) are the GCM energy and norm overlaps for given values of angular momentum I, number of proton (Z) and neutrons (N), E I,N,Z are the computed energy spectra and the coefficients f I,N,Z are used for calculating other observables -B(E2) for examplewithin the GCM framework [12] .
In Figure 2 (a)-(b) we show the calculated and experimental -where available [16]-excitation energies and B(E2) for the Cd isotopes. We obtain a very good qualitative agreement between theoretical and experimental results along the whole isotopic chain. However, the calculations give
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Study of neutron rich Cadmium isotopes... Tomás R. Rodríguez larger excitation energies due to the lack of time-reversal symmetry breaking and that the angular momentum projection is performed after the variation which provide smaller moments of inertia than the full self-consistent ones [17, 18] . In both experimental and theoretical results we observe the increase of collectivity from N = 50 magic number with enlarging the number of neutrons, having smaller values for E(2 + ) and correspondingly larger B(E2) values. We can distinguish a parabolic dependence from N = 50 − 58 which corresponds to the filling of the g 7/2 shell and a rather flat behavior between N = 60 − 70 -filling d 5/2 , d 3/2 , s 1/2 shells. More interestingly, the
Study of neutron rich Cadmium isotopes... We also see that this balance is kept for J = 2 PES in 132 Te but in 128 Cd the prolate configuration is favored. Once the GCM is performed (Fig. 2(e) -(f)) we obtain spherical states in average for both ground states and also for 2 + state in 132 Te, but a slightly prolate deformed 2 + state for 128 Cd. This fact can explain the anomalous behavior of the E(2 + ) in Cadmium isotopic chain.
Concerning the N = 82 shell quenching, in Fig. 3 we show the single particle energies as a function of the axial quadrupole deformation calculated for 128 Cd which are very similar to the ones for 132 Te (not shown). Hence, we observe that the spherical shell gap remains as large as in 132 Te case, where a normal behavior of the E(2 + ) is found. In this figure we also see that due to the rising of the ν p 1/2 and πs 1/2 orbits, we find beyond β ≈ −0.15 a double closed shell configuration for 128 Cd. Therefore, oblate shapes are not energetically favored for I = 2 as we showed in Fig. 2(c)-(e) . This is not the case for the isotone 132 Te where the proton Fermi level lies within the πg 7/2 orbits and therefore, it is a balance between prolate and oblate configurations. Hence, the anomalous behavior of the E(2 + ) observed while approaching the N = 82 shell closure can be explained by the special onset of slight deformation in this specific nucleus and not to a shell quenching in this region.
In summary, we have presented state-of-the-art beyond mean field calculations from shell to shell N = 50 − 82 for Cd isotopes with the Gogny D1S interaction. We have analyzed the potential
Study of neutron rich Cadmium isotopes... Tomás R. Rodríguez role of the triaxiality in this isotopic chain. Finally, we propose the appearance of a slight prolate deformation in 128 Cd to explain the anomalous behavior of the E(2 + ) systematics without finding a spherical N = 82 shell quenching in neutron rich Cadmium isotopes.
